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StagingAbstract Objectives: To assess the diagnostic power of 64 channel multidetector CT with three-
dimensional images in evaluating and staging gastric lymphoma.
Patients and methods: CT imaging of selected 30 cases with gastric lymphomas proved by
histopathology was reviewed retrospectively. CT ﬁndings correlated with the pathologic types of
gastric lymphoma.
Results: All the 30 cases were non-Hodgkin’s lymphomas (NHL). There are two different lym-
phoma subtypes (diffuse large B cell lymphoma, 17 patients (56.66%) and MALT lymphoma, 13
patients (43.33%)). Primary lymphoma was detected in 6/30 cases (20%) while secondary lym-
phoma was detected in 24/30 cases (80%). Further staging of our patients was divided into high
grade (9/30) patients and low grade (21/30) patients. Most gastric lesion was located in the antrum
(29/30, 66.66%) and body of stomach (22/30, 73.33%). Gastric wall thickness ranged from 20 to
60 mm (mean 32.22 ± 14 mm). There are four different patterns of gastric involvement by lym-
phoma: focal (20%), diffuse thickening (33.3%), diffuse thickening and nodular pattern (33.3%),
and ulcerative pattern (13.3%). 12/30 cases (40%) had regional abdominal lymphadenopathy, dis-
tant LNs enlargement was detected in 2 patients (6.6%) beneath renal hilum, splenomegaly was
detected in 7 patients (7 (23.33%), and splenic focal lesion was detected in one patient (3.33%).
Conclusion: MDCT with 3D images provides valuable results regarding diagnosis and staging of
gastric lymphomas.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).1. Introduction
The gastrointestinal tract especially the stomach is the most
common primary site of extranodal lymphoma accounting
for 2–5% of gastric malignancies (1,2).
Primary gastric lymphomas are conﬁned to the stomach
and regional lymph nodes and mostly non-Hodgkin
Fig. 1 Female patient 61 years presented with epigastric pain, vomiting. Negative history of Helicobacter pylori infection. (A and B)
Axial abdominal MDCT images in porto-venous phase show circumferential soft tissue thickening (long arrows), involving body and
antrum of the stomach with thickness of about 5 cm obliterating the gastric lumen. (C and D) Coronal and sagittal reformatted images of
the abdomen show the extension of the lesion (long arrow). (E) Virtual gastroscopy images show narrowing of the gastric lumen and the
lesion (star). Multiple small (5–7 mm) perigastric LNs. Histopathology; revealed malignant lymphoma, diffuse large B cell type.
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associated lymphoid tissue (MALT) is a type of extranodal
lymphoma characterized by indolent clinical course and has
a much better prognosis than gastric carcinoma (4). Usually
there is evidence linking Helicobacter pylori follicular gastritis
to the development of lymphomas of mucosa-associated lym-
phoid tissue lymphoma (MALT type) (5). Low-grade mucosa
associated lymphoid tissue lymphoma (MALT) lymphomaTable 1 Staging of gastrointestinal lymphoma (Paris staging system
Ann Arbor System, modiﬁed Paris Staging system Spread o
I1E T1N0M0 Mucosa,
I2E T2N0M0 Muscula
I2E T3N0M0 Serosa p
I2E T4N0M0 Inﬁltratio
II1E T1e4N1M0 Regional
II2E T1e4N3Mo Intra-abd
IIIE T1e4N3M0 Extra-ab
IV T1e4N0e3M1 Diﬀuse o
B1 Bone mashows diffuse inﬁltrate of small centrocytelike. In high-grade
mucosa associated lymphoid tissue lymphoma, the large lym-
phoid cells transform from low-grade mucosa associated lym-
phoid tissue lymphoma to form clusters or sheets with or
without areas of low-grade component (6,7).
Primary non-Hodgkin lymphoma (NHL) is usually unifo-
cal, involving the antrum or fundus with decreasing frequen-
cies while secondary gastric lymphomas typically show).
f lymphoma
submucosa
ris propria, subserosa
enetration
n of neighboring organs
lymph nodes (compartment I + II)
ominal distant lymph nodes
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Fig. 2 Female patient 55 years old presented with vomiting and constipation. (A) Axial MDCT enhanced image of the abdomen and
pelvis shows circumferential thickening of the pyloric region (curved arrows) and hypodense HFL (notched arrow). (B) Axial CT image of
the pelvis shows circumferential thickening of the bowel loops at Rt. Iliac fossa (long Arrow), (C) coronal reformate of the abdomen and
the pelvis. (D) Sagittal reformate of the abdomen and pelvis. Histopathology: Revealed low grade MALT Lymphoma.
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Lesions can assume nodular, polypoid, ulcerative or diffuse
inﬁltrating (submucosal) forms (2). High-grade lesions cause
focal, large masses with a diameter equal to or more than
5 cm (9,10). Low-grade non-Hodgkin mucosa associated
(MALT) lymphomas usually display a submucosal diffuse
inﬁltration visualized as minimal wall thickening on CT
(9,10) (Table 1).
CT is the primary imaging modality for pretreatment eval-
uation of abdominal lymphoma. In patients with suspected
gastric lymphoma, multidetector CT is helpful on both depic-
tion and staging of stomach lesion. MDCT also aids in early
diagnosis of disease progression in patients undergoing ther-
apy and follow-up of low-grade mucosa associated (MALT)
lymphoma, which may progress to high-grade B-cell lym-
phoma (11).Because the most frequent CT ﬁnding in both gastric lym-
phoma and gastric MALT lymphoma is wall thickening, the
stomach should be maximally distended during examination.
3D images are useful in treatment planning (12–14).
The recent advances of real time three-dimensional imaging
system and CT virtual gastroscopy are important applications
of MDCT. Virtual gastroscopy detects subtle mucosal changes
and differentiates them from submucosal lesions liking gas-
troscopy (15). MDCT technology used in MDCT gastrogra-
phy (CTG) is a powerful tool for the detection of gastric
cancer, due to its ability to produce three-dimensional (3D)
images such as virtual endoscopy (VE), shaded surface display
(SSD), and tissue transition projection (TTP) images (16).
This study aims to assess the diagnostic power of multide-
tector CT with three-dimensional images in diagnosis and stag-
ing gastric lymphoma.
Fig. 3 Male patient 45 years presented with vomiting and colic with positive history of Helicobacter pylori infection. (A and B) Axial
cuts of the abdomen in portovenous phase show circumferential soft tissue thickening of the gastric body (long arrows) maximum
thickness of about 2 cm. (C) Coronal reformate shows involvement of greater and lesser curvatures (long arrow). (D) VR image. (E)
Virtual gastroscopy demonstrates the lesion. No haziness of the perigastric fat planes. Multiple small (5–7 mm) perigastric and
peripancreatic LNs. Histopathology; revealed malignant lymphoma, diffuse large B cell type.
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This study was approved by the ethics committee of our insti-
tution. During the period from March 2014 to January 2015,
30 patients with gastric lymphomas were selected for CT imag-
ing evaluation using 64 slices multi-detector CT scanner.
Patients were refereed from the oncology unit for MDCT
imaging. All patients were proved to have gastric lymphoma
by histopathological examination.
Each patient was subjected to the following:
1. Detailed clinical history regarding onset, course and dura-
tion of symptoms and previous operations.
2. History regarding lymphomatous inﬁltration of other
organs and H. pylori infection.
3. Revision of the results of histopathology of biopsies taken
by either endoscopy or surgical excision.
4. MDCT examination of the abdomen and pelvis with oral
and IV contrast using MDCT scanner (64 slices, Toshiba,
Aquilion, Japan).
5. The obtained images were transferred to a workstation for
post processing with manufacturer-provided software that
allows generation of 2D multiplanar reconstruction in the
sagittal and coronal planes, 3D volume rendered imagesand virtual images. Three-dimensional imaging methods
included surface display (SSD), volume rendering (VR), vir-
tual endoscopy (VE) and multiplanar reformatting (MPR).
Both 2D (axial, coronal, and sagittal) and 3D CT images
are generated using the raw data. The axial CT images
are reconstructed with 2.5-mm section thickness and a
2.5-mm interval. For 3D reconstruction, axial CT images
are prepared with a 0.625-mm or 1.25-mm section thickness
and a 0.625-mm interval. The 3D images are created on a
workstation (Advantage Workstation 4.3; GE Healthcare,
Milwaukee, WI, USA) by an experienced technician, which
takes 15–20 min.
MDCT technique
CT technique requires high spatial resolution, optimal gastric
distension, and proper timing of contrast media injection to
detect subtle changes in the gastric wall and to accurately stage
tumors. The patients were given 800 ml of diluted oral contrast
(5% Gastrograﬁn + 95% water) approximately 15 min before
scanning. An additional 120 ml was given immediately prior to
the study. 100 ml nonionic contrast (omnipaque 300 or ultrav-
ist 300) was injected intravenously at a rate of 4 ml/s using a
Fig. 4 Female patient 60 years old presented with epigastric pain. (A and B) Axial enhanced MDCT at the upper abdomen revealed
circumferential lobulated soft tissue thickening involving the whole stomach with average wall thickness 55 mm. This associated with well-
deﬁned rounded mass seen bulging into the lumen of the pylorus with extra luminal extension (blue, green arrows). (C) Showed splenic
focal lesion (red arrow). (D) Surface shaded 3D imaging showed bulging gastric lesion at the antrum (yellow asterisk). Histopathology:
revealed malignant lymphoma, diffuse large B cell type.
Table 2 Numbers and percentage of cases of gastric lym-
phoma according to Lu-guango staging.
Stage Total number = 30
N %
Stage I 12 40
Stage II
Stage II1 12 40
Stage II2 2 6.6
Stage III 4 13.3
Stage IV 0 0
Table 3 MDCT patterns of gastric involvement as detected by MD
CT pattern No.
Focal pattern 6
Diﬀuse thickening 10
Diﬀuse thickening and nodular mass 10
Ulcerative lesion 4
Diagnostic power of 64-channel multidetector CT 733pump injector via an inserted suitable IV access in the antecu-
bital vein and an arterial phase (30 s after contrast injection)
and venous phase (60 s after contrast injection) required for
accurate tumor staging and characterization. Sections 1.25-
mm thick were generated and reformatted at 1-mm intervals.
With advanced CT scanners (64 slice) collimation thickness
as low as 0.2 mm was obtained. Scanning parameters were as
follows: 64  0.625 detector conﬁguration, 2.5-mm helical
thickness, 120 kVp, 200–300 mA, 0.984:1 pitch. Two-
dimensional and three-dimensional multiplanar reformations
were also generated. CT data of the stomach were manipulated
to simulate endoscopic images (virtual gastroscopy).CT.
Percentage (%) p
20 0.3
33.33 0.3
33.33 0.3
13.33 0.2
Table 4 CT features of high and low grade mucosa associated lymphoid tissue (MALT) lymphoma patients.
CT ﬁndings High-grade lymphoma Low-grade lymphoma P value
n= 9 (30%) n= 21 (70%)
Extent of wall thickness
Focal mass 6 66.6% 0 0% 0.001*
Diﬀuse 2 22.2% 9 42.8%
Segmental 1 11.1% 8 38.2%
Not detected 0 0% 4 19%
Degree of lesion thickness
Severe 2 22.2% 0 0% 0.001*
Moderate 6 66.6% 10 47.6%
Mild 1 11.1% 11 52.4%
Normal 0 0% 0 0%
Mean lesion thickness ± SD (range) 60 ± 6 mm 20 ± 4 mm 0.001*
Degree of lesion enhancement
Moderate 7 77.7% 4 19% 0.001*
Minimal 3 33.3% 17 81%
Outer margin of lesion
Lobulated 8 88.9% 2 9.5% 0.000*
Smooth 1 11.1% 19 90.5%
Ulcer
Deep 1 11.1% 0 0% 0.001*
Shallow 3 33.3% 0 0%
Absent 5 55.6% 21 100%
Lymphadenopathy
Present 8 88.9% 4 19% 0.001*
Absent 1 11.1% 17 81%
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All images from MDCT studies were reviewed by one radiol-
ogist with experience of gastrointestinal imaging without
knowledge of the optical endoscopic ﬁndings and tumor loca-
tion. The image interpretation includes site, pattern, thickness
and extension of the gastric lesion, associated ﬁnding including
surrounding fat planes, regional and distant lymph nodes, sple-
nomegaly, hepatomegaly, splenic and hepatic focal lesions and
vascular invasion. All 3D and virtual endoscopic images with
interactive display of MPRs were evaluated by two
radiologists.
3. Results
3.1. Demographic finding
Thirty patients were enrolled in this study (13 males and 17
females), and their age were ranged from 40 to 60 years old
(mean 49.5 years (±16.2)). All patients were pathologically
proved to have gastric lymphoma.
3.2. Clinical presentations
Our study patients had a variety of gastrointestinal symptoms,
including epigastric pain, nausea, vomiting, weight loss, and
epigastric fullness. Vomiting was the most common presenting
symptom (40.7%) followed by diffuse abdominal pain (22.2%)
and dysphagia 14.8%.History of H. pylori infection was isolated in all 13 patients
with mucosa associated lymphoid tissue (MALT) lymphoma
type.
3.3. Histopathological finding and staging
Pathologic examination of our patients revealed the following:
All cases (30 patients, 100%) proved as a non-Hodgkin’s
lymphoma (NHL).
Our patients were further divided into two different lym-
phoma subtypes (diffuse large B cell lymphoma, 17 patients
(56.66%) (Figs. 1, 3 and 4) and mucosa associated lymphoid
tissue (MALT) lymphoma, 13 patients (43.33%) (Fig. 2)).
According to Dawson et al. (17) classiﬁcation patients were
divided into primary and secondary lymphoma. Primary lym-
phoma was detected in 6/30 cases (20%), while secondary lym-
phoma was detected in 24/30 cases (80%).
Staging gastric lymphoma according to Lu-guango staging
(18) is shown in Table 2 as the following:
Stage-I detected in (12 patients, 40%) and stage-II 1 (12
patients, 40%), stage-II2 (2 patient 6.6%), and stage-III (4
patients, 13.3%).
Patients also were subdivided into high grade lymphoma
(10/30) (30%) patients and low grade lymphoma 21/30
(70%) (Table 4).
3.4. MDCT finding
As shown in Table 3, the CT pattern of gastric lymphoma is as
follows:
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lesion) was detected in 6 patients (20%), diffuse gastric wall
thickening (lesion extended more than 10 cm) was detected in
10 patients (33.33%), diffuse thickening and nodular mass
were detected in 10 patients (33.33%) with P value (0.3), and
ulcerative pattern was detected in 4 patients (13.33%) with P
value (0.2).
Regarding the site of gastric lesion, the antrum involvement
was detected in 20/30 cases representing 66.66% (Figs. 1 and
2), the gastric body was involved in 22/30 cases representing
73.33% (Fig. 1), and ﬁnally the gastroesophageal junction
and the fundus were involved in 12/30 cases representing 40%.
3.5. CT findings of high grade and low grade lymphoma
(Table 4)
High-grade lymphoma group (9 patients, 30%) and low grade
lymphoma patients (21 patients, 70%) had the following CT
features:
Diffuse gastric wall thickening was observed in 2/9 patients
(22.2%) and segmental thickening in 1/9 patients (11.1%) of
high grade lymphoma group. Mass formation (focal wall
thickening) was found in the remaining 6 patients (66.6%).
All patients with high-grade lymphoma had either gastric wall
thickening or mass formation. Low-grade lymphoma group
revealed segmental gastric wall thickening in 8/21 patients
(38.2%) and diffuse thickening in 9/21 patients (42.8%)
(Fig. 2).
Regarding the degree of lesion thickness, in high-grade lym-
phoma group, we observed severe thickening in 2/9 patients
(22.2%), moderate gastric wall thickening in 6/9 patients
(66.6%), and mild thickening in 1 patient (11.1%) with P value
0.001. In low-grade lymphoma group, we observed moderate
thickening in 10/21 patients (47.6%) and mild gastric wall
thickening in 11/21 patients (52.4%) with P value 0.001. Severe
thickening was not found in any of the patients with low-grade
histology. Applying the statistical analysis, we found that
the extent and thickness of the lesions in patients with
high-grade histology were signiﬁcantly wider and thicker than
those in patients with low-grade histology (all patients,
p 0.001).
The ﬁndings of moderate enhancement, lobulated outer
margin, and lack of normal mucosa overlying the lesions were
more frequently observed in patients with high-grade lym-
phoma than in patients with low-grade lymphoma. The ulcers
within the lesions were deep (n= 1) or shallow (n= 3) in the
high-grade group while no ulcers were detected in low grade
lymphoma patients.
Enlarged lymph nodes were observed in 7 out of 9 patients
(77.7%) with high-grade histology and in 4 out 21 patients
(19%) with low-grade histology.
3.6. Associated CT findings
MDCT revealed associated ﬁndings rather than the tumor
itself in the form of enlarged regional lymph nodes detected
in 12 patients (40%), distant lymph node enlargement in 2
patients (6.66%), splenomegaly in 7 patients (23.33%), hep-
atomegaly in 5 patients (16.66%), hepatic focal lesions in 2
patients (6.66%) (Fig. 2A), splenic focal lesion detected in
one patient (3.33%) (Fig. 4C), pleural effusion detected in 3patients (10%) and vascular involvement detected in 5 patients
(16.66%).
3.7. Three dimensional imaging finding
3D CT images were correlated with MDCT ﬁnding with sensi-
tivity and positive predictive values 85% and 100%. Gastric
mucosal morphology such as fold convergence or depression
seen in early-stage gastric lymphoma was difﬁcult to delineate
by axial source images alone. Such lesions could be recognized
more easily on 3D images (Figs. 1, 3 and 4).
3.8. The sensitivity and specificity of MDCT staging
Precise preoperative staging was achieved in 76%, over staging
in 15% and under staging in 9% of patients. The sensitivity
and speciﬁcity of the technique were 93% and 85%
respectively.
4. Discussion
Primary gastric lymphoma is uncommon. Normally no lym-
phoid tissue in the gastric mucosa, and this paradox can be
explained by the fact that chronic H. pylori gastritis is associ-
ated with the development of lymphoid tissue in the lamina
propria (19). Our study proved the strong relation between
H. pylori infection and gastric lymphoma of mucosa associated
type which was detected in (76.9%) of patients with MALT
lymphoma patients. Wotherspoon et al. (5) concluded that
most patients with gastric mucosa associated lymphoid tissue
(MALT) lymphomas have chronic H. pylori infection and
develop MALT-linked H. pylori gastritis. In a study by Choi
et al. (20), 30 out of 37 (81%) of patients with low-grade
MALT lymphomas had histopathological evidence of H.
pylori infection.
64 multidetectors CT scanner perform faster examination
than traditional single-detector-row spiral CT scanners. Also,
this scanner allows acquisition of thinner sections 0.5 mm,
which improves the quality of the 3D. Data were acquired at
1.25-mm sections reformatted at 1-mm intervals improving
the quality of the 3D imaging. This agrees with Wu and Wang
(21) who examined 35 patients with gastrointestinal lymphoma
using 1.25-mm and concluded that the use of this thickness
offers considerable ﬂexibility for MPR and VR reconstruction
and made a comprehensive assessment on the location, depth
of invasion, regional lymphatic metastasis and distant metasta-
sis of non-Hodgkin lymphomas.
Secondary lymphoma was represented in 80% of cases,
while primary lymphoma was detected in 20% in this study,
and this matched with Chaan et al. (22) who studied 25 cases
of GIT lymphoma; 24 cases were secondary lymphoma and
only one case was primary lymphoma.
The most frequent site involved by gastric lymphoma was
the antrum, detected representing in 66.66%, and gastric body
represented 73.33%. In a study done by Liu et al. (23) on 25
cases with gastric NHL, most of their cases were located in
antrum (18/25, 72%) and body of stomach (19/25, 76%).
Gastric MALT lymphoma showed variable radiologic fea-
tures at CT examination. According to recent study with
pathologic correlation, the common ﬁndings of low-grade
MALT lymphoma at upper gastrointestinal examination were
736 N.M.M. Osman, M.G. Eissawymucosal nodularity, ulcer, and rugal thickening (24). In other
study by Isaacson PG (25) MALT lymphoma and early gastric
lymphoma, a superﬁcial, spreading lesion were common ﬁnd-
ings. When CT ﬁndings were correlated with features of patho-
logic examination, high-grade MALT lymphoma with deep
invasion (to proper muscle or beyond) showed thicker involve-
ment of the gastric wall. Hoshida et al. (24) suggested that the
higher the grade of MALT lymphoma, the larger the tumor.
Differentiation between high- and low-grade lymphomas is
fundamental for the correct treatment of the patients. We
found that CT ﬁnding provides clear distinction between
high- and low-grade lymphomas regarding the degree and
extent of wall thickness, degree of wall enhancement, outer
margin, the presence or absence of wall ulcers and associated
lymph nodes enlargement. Mass formation, severe wall thick-
ening, or deep ulcer were reliable ﬁndings of high-grade lym-
phoma. Segmental or diffuse wall thickening is the most
frequent ﬁnding in lymphoma. Unlike carcinomas, lymphomas
typically involve multiple segments of the stomach.
Adenopathy is seen with both lymphoma and adenocarci-
noma, but if it extends below the renal hila, or the lymph nodes
are bulky, lymphoma is more likely (26). In the current study
regional lymph nodes (perigastric, mesenteric and para-aortic
LNs) were common (40% of cases) while involvement of the
distant lymph nodes (axillary, mediastinal and cervical) was
seen in 2 cases only (6.66%), and this ﬁnding matches with
ﬁnding by Choi et al. (20). Byun et al. (27) in a study of 14
patients with GIT lymphoma, lymphadenopathy was noted
in nine (64%) patients, the percentage difference mostly attrib-
uted to the numbers of studied patients and he included all gas-
trointestinal tract patients.
Preservation of the perigastric fat planes at CT is more
likely to be seen in lymphoma than in adenocarcinoma, partic-
ularly in the presence of a bulky tumor (28). Our study
detected mild haziness of surrounding fat planes in 10% of
cases with large sized lesions. Also Ghai (29) stated that preser-
vation of the perigastric fat planes at CT is more likely to be
seen in lymphoma than in adenocarcinoma.
Splenic involvement by non-hodgkin (NHL) lymphoma in
patients with gastrointestinal lymphoma was uncommon. Sple-
nic focal lesions seen in one case as a small multiple hypodense
nodules were detected at the portovenous phase. Leite et al.
(30) stated that the late venous phase allows more reliable
assessment of splenic involvement in lymphoma.
Three-dimensional (3D) reformatted images allowed quick
visualization of all parts of gastrointestinal tract and encase-
ment of related vessels. A tortuous vessel or complex mass
can be visualized in its entirety with 3D imaging. The quality
of virtual gastroscopy improved with use of thinner collima-
tion. 3D images can help clinicians plan optimal treatment
strategies by offering a global view of the stomach with the
exact localization of the tumor and accurate tumor staging
(31).5. Conclusion
MDCT allow differentiation between low grade and high
grade lymphoma. CT detected pattern and extension of wall
thickening, degree of wall enhancement, outer margin ulcers
as well as the associated lymphadenopathy and peri-gastric
fat planes. Virtual endoscopic is helpful to evaluate intra-and extraluminal extension of the lesions as well as vessel
encasement. CT aid in early diagnosis of disease progression
and follow-up of low-grade MALT lymphoma, which may
progress to high-grade B-cell lymphoma.
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